The allelopathic effect of plants is one of the least known factors determining the stability of lawn swards. Leaves are a rich source of allelopathic substances. Washed out by rain or dew drops, or released during biomass decomposition, these substances can impact plants. In practice, cut sward is often left on the lawn surface and can have an allelopathic effect on regrowing plants. The effect of released allelochemicals depends on many factors, including their concentration. Hence, in order to maintain the high functional properties of the lawn, information is needed on the critical concentrations of allelochemicals inhibiting plant growth and development. Laboratory research was thus undertaken (on Petri dishes) to evaluate the effect of various water extracts of leaves of selected lawn grass cultivars. The following cultivars were the
INTRODUCTION
The persistence and aesthetic value of a lawn depend on the floristic species composition of the sward that is influenced by the way the so-called bearing layer is prepared, the species and variety composition of the seed mixture used, the sensitivity of the components to habitat stress factors as well as a number of maintenance measures carried out each year, particularly cutting (C z a r n e c k i and H a r k o t , 2002). In practice, after being cut (at varying height), the sward is often left on the lawn surface and can have an allelopathic effect on regrowing plants. It is one of the least researched factors determining the stability of lawn swards. Leaves are a rich source of allelopathic substances (C h u n g and M i l l e r , 1995; L i p i ń -s k a and H a r k o t , 2005). Washed out by rain or dew drops, or released during biomass decomposition, these substances can impact plants. The effect of released allelochemicals depends on many factors, including their concentration. At low concentrations, they show a stimulating effect, while at high concentrations their effect is inhibitory (P o l i t y c k a and L i p i ń s k a , 2005). Hence, information on the critical concentrations of allelochemicals inhibiting plant growth and development can be important (H a r k o t et al. 2000; L i p i ń s k a and H a r k o t , 2007).
In Poland's climate and soil conditions, the persistence and appearance of lawns is guaranteed by lawn cultivars of both Festuca rubra and Festuca ovina (H a r k o t et al. 2006) . They are used in mixtures intended for establishing ornamental, park, recreational and sports ground lawns as well as for turfing of road embankments, roadsides, car parks, post-industrial and reclaimed areas (P a t r z a ł e k , 2000; W o l s k i et al. 2006 ). More and more often, lawn cultivars of Festuca arundinacea are also used to turf soils in difficult habitat conditions (C z y ż and K i t c z a k , 2009).
The present study was undertaken to explain whether water extracts from the aboveground vegetative shoots of selected lawn cultivars of Festuca rubra, F. ovina and F. arundinacea have an impact on the initial growth and development of lawn cultivars of other grass species.
MATERIALS AND METHODS
The study was conducted at the Department of Grassland and Landscape Forming, University of Life Sciences in Lublin, in the years [2007] [2008] [2009] [2010] . A laboratory experiment was carried out to assess the impact of various concentrations of water extracts from aboveground vegetative shoots of donor grasses on the seed germination capacity as well as on root length and seedling height of acceptor grasses. The following cultivars were the donors: 'Areta', 'Nimba', and 'Olivia' (Festuca rubra); 'Espro' and 'Pintor' (F. ovina) as well as 'Asterix' (F. arundinacea), while the acceptors were: 'Niwa' (Agrostis capillaris), 'Asterix' (Festuca arundinacea), 'Espro' (F. ovina), 'Areta' (F. rubra), 'Stadion' (Lolium perenne ), and 'Bila' (Poa pratensis) -species frequently sown in lawns.
Water extracts were made from aboveground vegetative shoots of the studied grass cultivars, collected at the propagation stage. The leaves were washed with running water to remove soil and other impurities, and then dried (with hot air) and cut into fine pieces (about 2 mm). For biotests, three concentrations: 1.58, 2.35, and 4.76%, of water leachates from donor leaves were prepared by soaking, respectively, 15.8, 23.5 and 47.6 g of dry leaves, each portion in 1.0 l water. After 24 h, the solution was filtered through a filter. The leachates were stored at 5 o C. Seeds of the acceptors (20 pieces of each) were placed on Petri dishes (in four replications) on three layers of chromatography paper (Whatman No. 3001917). 3 ml of water extracts (donors) at appropriate concentrations were applied to the paper every day. In the control treatments, distilled water was applied to the paper. The germination capacity of A. capillaris seeds was assessed after 10 days, for L. perenne and F. arundinacea after 14 days, F. ovina and F. rubra after 21 days, and P. pratensis after 28 days, according to the guidelines of D o r y w a l s k i et al. (1964) . The results were expressed as the percentage of germinated seeds. On the same days when the seed germination capacity was determined, the length of the root system and the height of the seedlings were measured. These parameters were expressed in centimetres.
Biotests were conducted in the conditions of daily 12-hour (7.00 am to 7.00 pm) artificial lighting with a SON-T Agro type high pressure output lamp (average light intensity of approx. 3000 lux at table level). Its special SGR 1400-type socket guaranteed appropriate and evenly distributed lighting of plants (U of about 80%). The air temperature in the room was optimal for the development of grass and ranged between 22 and 25 o C. The results were processed statistically using the SAS v.91 program, with the use of single-factor variance analysis and Tukey's multiple test. The means were divided into statistically uniform groups, and the significance level of  0.05 was adopted. Mean values between which there are no statistically significant differences are marked with the same letter. The tables contain mean values from the years 2007-2010.
RESULTS
A. capillaris seeds subjected to the impact of water extracts from nearly all the donors under study showed poorer germination performance than in the control treatment. 'Espro' F. ovina extracts were an exception: they had a stimulating effect but it was insignificant in comparison with the control treatment ( Table 1) .
The greatest inhibitory effect, regardless of concentration, was shown by extracts from 'Olivia' F. rubra. The seed germination capacity significantly lower than in the control treatments was also observed in the case of extracts from 'Nimba' F. rubra, particularly those with the highest concentration (4.76%). Water extracts from 'Areta' F. rubra and 'Pintor' F. ovina, but only with the highest concentration, also significantly inhibited the acceptor's seed germination. Water extracts from all donors had an adverse effect on root length and seedling height of A. capillaris (Table 1) . Significantly shorter roots and smaller seedlings of the acceptor were observed after applying each extract; the greatest differences were caused by the highest concentrations (4.76%). Regardless of their concentration, the greatest adverse effect was demonstrated by extracts from 'Asterix' F. arundinacea, followed by 'Areta' and 'Olivia' F. rubra, as they caused nearly 50% inhibition of root growth of A. capillaris.
Water extracts of all cultivars (except 'Espro') had an adverse impact on the seed germination capacity of F. arundinacea (Table 2) . However, only extracts from 'Nimba' (already at a concentration of 2.38%) as well as from 'Olivia' and 'Areta' F. rubra (at the highest concentration) had a significantly adverse impact in comparison with the control treatment where distilled water was applied to the paper. In the treatments where water extracts from 'Espro' and 'Pintor' F. ovina as well as from 'Asterix' F. arundinacea (at various concentrations) were applied, the seed germination capacity of F. arundinacea did not vary significantly. Extracts from 'Areta' F. rubra were an exception as their lowest concentration (1.58%) significantly stimulated the seed germination of the acceptor. Regardless of the concentration, the roots of F. arundinacea were significantly shorter than in the control treatments only in the treatments with 'Olivia' F. rubra and 'Asterix' F. arundinacea ( Table 2 ). The adverse effect of donors on the root length of seedlings of the acceptor was observed mainly after the application of extracts at the highest concentration. Extracts from 'Asterix' were an exception because, regardless of their concentration, they significantly inhibited root growth. F. arundinacea seedlings exhibited a greater sensitivity. Only extracts from itself ('Asterix' F. arundinacea) and extracts from 'Nimba' F. rubra slightly stimulated seedling height, while the other extracts had a significantly adverse effect on the process. Similarly to the roots, seedlings were significantly smaller than in the control treatments usually as a result of applying extracts at the highest concentration (4.76%), and only in the case of extracts from 'Areta' F. rubra and 'Pintor' F. ovina at the concentration of 2.38%.
Regardless of the concentration, the greatest adverse impact on seed germination of F. ovina was observed in the treatments where extracts from leaves of the cultivars 'Pintor' and 'Espro' and two F. rubra cultivars,'Nimba' and 'Olivia', were applied (Table 3).
No significant differences were caused by extracts from 'Areta' F. rubra and 'Asterix' F. arundinacea, under whose influence the seed germination capacity of the acceptor was actually slightly higher than in the control treatment. As regards the impact of concentrations of water extracts from the particular donors, it was found that water extracts from 'Pintor' F. ovina, regardless of their concentration, caused significantly poorer seed germination, similarly to extracts from nearly all donors at the highest concentration (4.76%). Extracts from 'Asterix' F. arundinacea were an exception because, regardless of their concentration, they only slightly inhibited the germination capacity of F. ovina. The root length of F. ovina also varied under the influence of extracts and distilled water (control treatment). In comparison with this treatment, all donors at each of the concentrations used (except the 1.58% concentration of extracts from 'Nimba') caused significant inhibition of the root growth of this acceptor (Table 3) . However, the shortest roots were observed in seedlings where extracts from 'Olivia' F. rubra and 'Asterix' F. arundinacea were applied. The response of the seedlings, on the other hand, was quite different. Compared to the control treatment, none of the cultivars used, regardless of the concentration, caused significant differences in seedling height of the acceptor.
The germination of F. rubra seeds as influenced by all donors was poorer in comparison with the application of distilled water (Table 4) . 'Asterix' F. arundinacea had the greatest inhibitory effect. Significant differences in seed germination were observed particularly in the treatments where extracts at the highest concentration (4.76%) were used. Extracts from 'Nimba' F. rubra were an exception, because they did not cause the inhibition of seed germination of the acceptor, regardless of their concentration; the same effect occurred in the case of extracts from the other donors applied at the concentration of 1.58% and 2.38%. Water extracts from the aboveground vegetative shoots of nearly all donors caused significant inhibition of the root growth of F. rubra seedlings (Table  4) . Extracts from 'Areta' and 'Nimba F. rubra were an exception because the inhibition was only caused by their highest concentration, whereas at low concentrations these extracts caused the roots to be even longer than in the control treatment. Extracts from 'Asterix' F. arundinacea turned out to be the strongest inhibitor of root growth (at each of the concentrations used), as they caused the roots to be half as long as in the control treatment. In addition, the roots of this acceptor were adversely impacted by all concentrations of water extracts from 'Pintor' F. ovina and 'Olivia' F. rubra. On the other hand, the influence of donors on seedling height of F. rubra was insignificant. Regardless of the concentration, significant differences were found only in the case of extracts from 'Nimba' F. rubra, under whose influence seedlings were taller than in the control treatment (Table 4) . Acceptor seedlings were found to be smaller only under the influence of the highest concentration (4.76%) of extracts from 'Areta' F. rubra and 'Pintor' F. ovina.
In comparison with the control treatment, the germination capacity of L. perenne seeds was significantly lower under the influence of water extracts from 'Pintor' F. ovina and 'Asterix' F. arundinacea, regardless of their concentration, and extracts from the other donors (except 'Espro') at the highest concentration (4.76%) ( Table 5 ). Extracts from the other cultivars, applied at the lowest concentration, actually stimulated the germination of acceptor seeds, but only extracts from 'Espro' F. ovina had a significant impact. Water extracts from the aboveground vegetative shoots of all the grass cultivars resulted in significantly shorter roots of L. perenne in comparison with the control treatment. The strongest inhibitors of root growth were extracts from 'Olivia' F. rubra, 'Espro' F. ovina and 'Asterix' F. arundinacea (at each of the concentrations used). Similar patterns were also observed in the treatments where extracts from 'Areta' F. rubra and 'Pintor' F. ovina were applied. The seedling height of L. perenne, as influenced by the extracts, did not vary significantly from the control treatment. Regardless of the concentration, significantly smaller acceptor seedlings were only found in the treatments where extracts from 'Asterix' F. arundinacea and 'Olivia' F. rubra were applied at the highest concentration.
The germination capacity of P. pratensis seeds in the treatments subjected to water extracts from the aboveground vegetative shoots of all donor grasses was significantly lower than in the control treatment (Table 6) .
Under the influence of each extract concentration (regardless of the changing donor), P. pratensis seeds showed significantly poorer germination than under distilled water conditions. However, such differences were not observed between the concentrations of 1.58%, 2.38% and 4.76%, with the exception of extracts from 'Nimba' F. rubra which, at the concentration of 4.76%, inhibited the process to the greatest extent. In comparison with the control treatment, the water extracts from all donors significantly inhibited the growth of roots in P. pratensis seedlings. Regardless of the variety, each of the concentrations used caused significant inhibition: the strongest inhibition occurred at the concentration of 4.76%. The seedling height of P. pratensis was significantly inhibited by all extracts from 'Pintor' F. ovina and 'Asterix' F. arundinacea as well as extracts from most donors at the concentration of 4.76%. Only the highest concentrations of extracts from 'Nimba' F. rubra did not cause significant differences. No significant influence on acceptor seedling height was observed in the case of extracts from 'Areta', 'Nimba' and 'Olivia' F. rubra applied at the concentration of 1.58% and 2.38%. Explanation: Means followed by the same letter in column do not differ significantly. Explanation: Means followed by the same letter in column do not differ significantly. Mean for donor 6.9ab 6.6b 7.1a 6.9ab 7.0ab 6.7c
Explanation: Means followed by the same letter in column do not differ significantly. Mean for donor 2.9d 3.5a 3.1cd 3.2b 3.1bc 3.1bc
Explanation: Means followed by the same letter in column do not differ significantly.
DISCUSSION
One of the key stages of studying the allelopathic potential of plants is bioanalysis which typically assesses the degree of inhibition (more rarely the degree of stimulation) of growth and development processes of the test plants, including the seed germination capacity, root length and seedling height of the test species (B l u m , 1999) . These parameters were also assessed in the present biotests, because the mutual interaction of plants begins with the germination of grass seeds and continues throughout their growth and development in a given community (L i p i ń s k a and H a r k o t , 2007). The assessment of the impact of water extracts from the aboveground vegetative shoots of lawn grass cultivars (donors) on the initial growth and development of lawn grass cultivars of other species (acceptors) revealed significant differences both in the strength of donor impact and in the response of the acceptors.
It was found that the growth of the test species was inhibited to a varying degree depending on the donor variety and extract concentration. The smallest degree of inhibition was observed in the case of seed germination, while the greatest in the case of root length. The growth of the acceptor's aboveground shoots was inhibited by water extracts to a lesser extent. It is worth remembering that seedling roots usually show a greater sensitivity to the presence of allelochemicals than the aboveground shoots, and within a specific bracket their growth is proportional to the concentration of substances (L i c k f e l d t et al. 2001). The greater sensitivity of the roots (than the aboveground shoots) to the impact of allelopathic substances was also confirmed in the studies by I l a m and B e g u m (2011).
Specific species and cultivars differ with regard to their capacity to synthesize allelochemicals and, by the same token, they have a different strength of impact (B a g h e s t a n i et al. 1999). This was also confirmed by the present study where, regardless of the extract concentration, the smallest adverse impact on seed germination, root length and seedling height of the acceptor was demonstrated by 'Nimba' F. rubra. The strongest adverse impact was shown by 'Olivia' F. rubra and 'Pintor' F. ovina. The significant allelopathic potential of these species was also demonstrated in the study by B e r t i n a et al. (2005) . F. ovina and F. rubra -turf grasses commonly used in the USA and Europe -caused a significant inhibition of, among others, D. sanguinalis, T. repens and T. officinale. The allelopathic activity of F. rubra was also indicated in earlier studies by F a l k o w s k i (1958) who found significantly poorer germination of P. pratensis and D. glomerata seeds on water extracts from the soil where F. rubra grew in comparison with extracts from soil not covered with grass vegetation. The study of M a j c h r z a k (2007) also indicated an adverse impact of the proximity of F. rubra on other plant species. A considerable allelopathic potential towards selected acceptors has also been demonstrated by 'Asterix' F. arundinacea. The literature mentions cases which confirm the allelopathic properties of F. arundinacea (S m i t h and M a r t i n , 1994; C h u n g and M i ll e r , 1995). This donor's allelopathic activity towards other grass species was also indicated by B u t a and S p a u l d i n g (1987) and L i p i ń s k a (2005). In these studies, water extracts from F. arundinacea leaves inhibited the initial growth of grasses and legumes.
The allelopathic potential of a given donor is determined by the concentration of biologically active compounds. As a rule, these compounds have a stimulating effect at low concentrations, and an inhibiting effect at high concentrations (O l e s z e k , 1992). Similar patterns were also found during the present biotests. Water extracts from aboveground vegetative shoots applied at the lowest concentration (1.58%) had a positive impact on seed germination and initial growth of the test species-acceptors. Their significantly adverse impact was only manifested in the slower growth of the acceptor's roots, and this was only under the influence of 'Asterix' F. arundinacea, followed by Olivia F. rubra, 'Espro' and 'Pintor' F. ovina. All the parameters assessed under the influence of the highest concentration (4.76%) of water extracts from nearly all donors were lower than in the control treatments. A particularly comprehensive impact was shown by the highest concentration of extracts from 'Pintor' F. ovina and 'Olivia' F. rubra. The influence of the concentrations of allelochemicals on their allelopathic potential is also confirmed by other authors. T a k ah a s h i et al. (1985) , studying the allelopathic impact of water extracts of the sward residue of tropical grasses on the germination of L. multiflorum seeds, observed that the inhibition of seed germination of this species increased with an increase in the extract concentration. The study by L i p i ń s k a and H a r k o t (2005) also showed that the initial growth of the test species differed depending on the concentration of water extracts from P. pratensis leaves.
The effect of the allelopathic impact of extracts from plants is determined by the sensitivity of the test species (W a r d l e et al. 1992). Among the test species (acceptors), P. pratensis showed the greatest sensitivity at the seed germination stage. When subjected to extracts from all donors, seeds of this grass showed significantly poorer germination than when distilled water was applied. A considerable sensitivity was also demonstrated by F. ovina whose seed germination was significantly poorer under the influence of all extracts from 'Pintor' F. ovina, regardless of their concentration, and most donors at the concentration of 2.38% and 4.76%. On the other hand, F. arundinacea seeds turned out to be the least sensitive because their germination was significantly poorer than in the control treatments only under the influence of the highest concentrations of the F. rubra cultivars studied.
During the root growth period, the greatest sensitivity was shown by A. capillaris; regardless of the donor, the growth process was inhibited by about 50% relative to the control treatments. P. pratensis also proved to be very sensitive, particularly to extracts from 'Espro', 'Pintor' and 'Asterix' (root growth was inhibited by about 35%). The acceptors mentioned above, particularly A. capillaris, also exhibited the highest sensitivity during the seedling growth period. The considerable sensitivity of A. capillaris and P. pratensis to the impact of water extracts may be linked to the small size of seeds of these species. Small seeds are more sensitive to the impact of allelochemicals than large ones (O l e s z e k , 1992), and the disorders occurring at the initial stages of plant development may cause disruptions of many subsequent life processes (Sutherland et al. 1999) . The lowest sensitivity to the impact of donors was exhibited by F. arundinacea. The response of the other acceptors to the allelopathic properties of aboveground vegetative shoots of grasses varied and depended on the tested parameter as well as on the origin of allelopathic substances and their current concentration. A similar response of acceptor species to specific allelopathic substances was confirmed, among other studies, by B u l u t and D e m i r (2007) . Seedlings of various species also showed various responses to the same extract concentrations in earlier studies by L i p i ń s k a and H a r k o t (2005). In their study, seeds of D. glomerata and Ph. pratense did not germinate at all in the treatments where the highest extract concentration was applied (4.76%), while the germination of F. pratense seeds was significantly poorer than in the control treatments. In the study by P e t e r s and Z a m (1981), high concentrations of the water extract from F. arundinacea leaves inhibited the germination of L. corniculatus seeds significantly more than low concentrations, whereas the germination of T. pratense seeds was significantly inhibited both by high and low concentrations of these extracts.
CONCLUSIONS
1. The allelopathic potential of the tested donors varied and depended on the variety and concentration of water extracts as well as on the sensitivity of the acceptor. 2. 'Olivia' F. rubra and 'Pintor' F. ovina exhibited the highest allelopathic potential. A considerable potential was observed in the case of 'Asterix' F. arundinacea. The smallest adverse impact was exerted by 'Nimba' F. rubra. 3. The allelopathic potential of the individual cultivars varied within a particular species. Among the F. rubra cultivars, the greatest adverse impact was demonstrated by 'Olivia', then 'Areta', and the smallest by 'Nimba'. Among the F. ovina cultivars, 'Pintor' showed a stronger adverse impact than 'Espro'. 4. Regardless of the donor, the greatest adverse impact was exerted by the highest concentrations of extracts, resulting in poorer initial growth and development of the acceptors. Lower concentrations of all extracts primarily inhibited the growth of roots; all the parameters were inhibited only in the case of 'Pintor' F. ovina. 5. The sensitivity of the tested acceptors varied. Water extracts from aboveground vegetative shoots of the lawn grass cultivars caused the strongest response in A. capillaris and P. pratensis, resulting in poorer seed germination, shorter roots and smaller seedlings than in the control treatments. Considerable sensitivity was demonstrated by F. ovina and L. perenne, primarily during the root growth period. F. arundinacea showed the lowest sensitivity to the impact of the donors.
